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B ackground
Since  1995 w hen  U n ited  S ta tes reg u la tio n s m ade  p ro d u c tio n  o f  m ea t from  advanced  m ea t reco v ery  (A M R ) system s po ss ib le  (USDA,
1994) , th e  am o u n t p ro d u ced  in  th e  U n ited  S ta tes has risen  to o v er 4 6 ,000 ,000  kg  annually . T he m ajo r advan tages o f  A M R  system s ate 
recovery  o f  up to  an add itional 4 .5  kg  o f  m ea t p e r  b e e f  carcass and a red u ctio n  in  the  risk  o f  rep etitive  m o tio n  stress injuries 10 
w orkers, no tab ly , carpal tunnel syndrom e.
Som e hav e  ob jec ted  to  p ro d u c tio n  o f  m eat from  A M R  system s b ecause  the  m ea t con ta ins trace  am oun ts o f  bo n e  p o w d er and son16 
bo n e  m arrow . A s a resu lt, th e  U S D A  (1998) p ro p o sed  new  ru les to  avo id  m isb ran d in g  and econom ic  adu lte ra tio n  b y  lim iting  bot*e 
and m arrow  to  leve ls co n sisten t w ith  d e fec ts an tic ipa ted  w h en  m eat is separa ted  from  bo n e  b y  hand. O ne  p ro b lem  w ith  th is p rop°8̂  
is that no  accu rate  m eth o d  to  de te rm in e  am oun t o f  m arro w  in m ech an ically  recovered  m eat is av ailab le  (F ie ld  1988' P ickering  et aL
1995) .
O bjective
O ur p u rp o se  w as to d erive  an  eq u atio n  th a t m akes an  accu ra te  d e te rm ination  o f  the  am oun t o f  m arro w  in  m ech an ica lly  recovered  
from  p ress m ach in es possib le .
M eth ods
C erv ical ve rteb rae  from  fo u r co w  carcasses w ere  se lec ted  at random  from  s im ila r bo n es en tering  a  H ydrau  S ep ara to r H S 250A . The 
verteb rae  w ere  d issec ted  free o f  all v is ib le  soft tissu e  b u t cartilage  rem ain ed  in tact. Spinal co rds had  p rev io u sly  b een  rem oved  fret11 
th e  vertebrae . T h e  rem ain in g  co w  cerv ica l ve rteb rae  en tered  the  H ydrau  S ep ara to r and w ere  p ressed  at 200  ba r fo r th ree  second8 
T w o bone  cakes w e ig h in g  ap p ro x im ate ly  16 kg  each  w ere  se lec ted  from  those  b e in g  e jected  and all b o nes in  these  cakes v*'e,e 
d issec ted  free o f  so ft tissue. In term ed ia te  lean  p ressed  from  bo n e  cakes w as tran sferred  to  a  d esinew ing  step w h ere  it passed  betwe«11 
a be lt and a d rum  w ith  1 m m  h o les  th a t a llow ed  the  m ea t to  pass th rough  to the  in n er p o rtio n  o f  the  d rum  w h ile  sin ew  w as separated- 
W eights o f  all lean, sinew  and b o n e  ex iting  the  A M R  system  o v er a  five  m in u te  p e rio d  w ere  reco rded  so that y ie ld  o f  lean could h« 
calcula ted .

In a  second  test, bones from  fed cattle  ap p ro x im ate ly  18 to 24  m o o f  age w ere  co llected . C arcasses o f  these  anim als 
U S D A  cho ice  o r  se lect g rades. C erv ical ve rteb rae  and th e  first four and o n e -h a lf  tho rac ic  ve rteb rae  w ith  12 to 15 cm  long rib  portions 
a ttached  w ere  se lec ted  at ran d o m  from  bones en te rin g  a  S to rk -P ro teco n  T L -6 0  m ach in e  and d issec ted  free o f  all v isib le  soft tissue. As 
in the  first test, the  sp inal co rd  w as p rev io u sly  rem oved . T h e  rem ain in g  cerv ical and thorac ic  v e rteb rae  w ith  rib  p o rtions attach«^ 
en tered  the  S to rk -P ro teco n  m ach in e  and w ere  p ressed  at 170 ba r fo r 2.3 seconds. T h ree  bo n e  cakes w eig h in g  app ro x im ate ly  9 kg  each 
w ere se lec ted  at random  and a ll bo n es in these  cakes w ere  d issec ted  free o f  so ft tissue. T h e  d esin ew in g  step  d escribed  p rev iously  
in te rm ed iate  lean w as fo llow ed. M ore  deta il on the  A M R  system  has been  g iv en  by  the A m erican  M eat Science A ssocia tion  (AMSA> 
1997). T he m ajo r d ifferen ce  b e tw een  m eat from  A M R  system s and  m ea t from  m echan ical recovery  system s described  previously 
(F ie ld , 1988) is calcium  conten t. T he m ax im um  am oun t o f  calcium  allow ed  in m eat from  A M R  system s is .15%  com pared  to .75°/° 
for m eat from  p rev ious m echan ical recovery  system s (U S D A , 1994).

C leaned  bo n es befo re  and a fte r p ressin g  from  b o th  tes ts  w ere  ashed at 600°C  for 72 hours and the fo llow ing  equation  (G ebaalt 
et al., 1998) w as used  to ca lcu la te  m arrow  content:
Known: %  ash in bone = 58.51 w t o f  cartilage = bone w t x 9.5%

% ash in marrow = .57 total wt = measured
% ash in cartilage = 2.14 total ash = measured

wt of marrow = wt.Qf QarUtegg (% ash in cartilage - % ash in bone) + % ash in hone (tot wtl - (tot ashl
(% ash in bone - % ash in marrow)

R esu lts and D iscussion
C o m position  o f  raw  m ateria l en te rin g  A M R  system s and  co m p o sitio n  o f  b one  cakes is found  in T ab le  1. In tes t I w h ere  cervi«a* 
verteb rae  from  co w s w ere  stud ied , 4 2 .7 %  o f  the  raw  m ateria l w e igh t en tering  the  H y d rau  S ep ara to r H S 250A  w as lean  and 57.3%  'vaS 
bone. L ean in cluded  all so ft tis su e  on  th e  o u te r  su rface  o f  th e  cerv ica l ve rteb rae  and bo n e  included  cartilage  and  m arrow . Lean ¡n 
p ressed  bone  cakes accoun ted  fo r 2 6 %  o f  the bone  cake  w eigh t. T herefo re , 74%  o f  the  bone  cak e  w as p ressed  bone. A sh  content of 
c leaned  bo n es b e fo re  and a fte r p re ss in g  w as 35 .6%  and 39 .1% , respec tive ly . In  test I the  equation  o f  G ebau lt et al. (1 9 9 8 ) show ed that 
c lean ed  b o nes go in g  in to  A M R  system s con ta in ed  30 .3%  m arrow . C leaned  bo n es from  p ressed  cakes co n ta ined  24 .3 %  m arrow  when 
th e  G ebau lt et al. (1998) eq uation  w as app lied . T herefo re , 6 .0%  m arro w  w as rem oved  from  the  bo n es du ring  p ressin g . I f  w e  assun1« 
100 k g  o f  raw  m ate ria ls are p ressed , 57.3 k g  o f  b o n e  w o u ld  be presen t. A  b one  w e igh t o f  57.3 kg  tim es 6 .0%  equals 3 .44  kg 0<i 
m arro w  rem oved  leav ing  53 .86  kg  o f  b o n e  in the  cake  co n ta in in g  the  rem ain in g  m arrow . T herefo re , the ra tio  o f  to ta l unpressed  bon« 
to p ressed  bo n e  w ith  som e m arro w  rem o v ed  w as ob tained  by  d iv id in g  57.3 b y  53 .86 ; the  ra tio  w as 1.0639.
T he am oun t o f  m arro w  in m eat from  A M R  system s m ay  be  d e term ined  b y  th e  fo llow ing  calcu la tions:
K now ns:

to ta l b one  w ith  lean  =  to ta l b o n e  +  to ta l lean 
D iv id in g  both sid es o f  equa tion  1 b y  to ta l lean y ie ld s:

bone  w ith  lean 
to ta l lean

=  to ta l b o n e  +  to ta l lean 
to ta l lean

R ea rra n g in g  th e  term s a n d  so lv in g  f o r  lean g ives:

3.

4.

5.

10.

bone  w ith  lean 
to ta l lean

bo n e  w ith  lean 
total lean 

bo n e  w ith  lean 
to ta l lean

-1

total bo n e  
to ta l lean

to ta l bone  
to ta l lean 

_  to ta l bone  
to ta l lean

to ta l lean 
to ta l lean

+ 1

6. to ta l lean  ^ bone  w ith  lean  A  
total lean J

7. to ta l lean  =
1

to ta l bone 
(  bo n e  w ith  lean } 
^  to ta l lean

To de term in e  lean p re sse d  fr o m  U
w rite:
8. to ta l lean  = lean  pressed  from

rem ain ing  in bone  cake
9. lean  pressed from  bone  cake  =

to ta l bone

)

bo n e  cake  + learl 

total lean -  leaI1
rem ain in g  in bone  cake

lean pressed  from  bo n e  cake  =
(

to ta l bone 
bone  w ith  lean 

to ta l lean ' )
I I -  lean  rem ain in g  in bone  cake

952
44th ICoMST 1998



M a rro w  p re sse d  fr o m  cake  is ca lcu la ted  using: 
m arro w  pressed  from  cake  =  to ta l bo n e  -  p ressed  bone
R ep la c in g  to ta l bone  by  p re s s e d  bo n e  tim es the  ra tio  o f  to ta l to  p re s s e d  bone  g ive s an equation  w ith a ll variab les know n:

M arrow  p ressed  from  cak e  =  pressed  b o n e  i  to ta l b one  \  _ p ressed  bone
l  p ressed  bo n e  I

T otal y ie ld  o f  m arro w  and lean  from  the  A M R  p ress is eas ily  o b ta ined  from  expressions 12 and 10, respectively . A n exam ple 
o f  the  ca lcu la tio n s fo llow s:
A ssu m e 100 k g  o f  bo n e  cake. W e know  th a t 74  k g  is p ressed  b o n e  and th e  ra tio  o f  to ta l bo n e  to p ressed  bo n e  is 1.0639.
T h erefo re , eq uation  12 yields:
m arro w  p ressed  from  cake  =  74  (1 .0639) — 74 =  4.73
A d d itio n a lly , eq u ation  10 g ives am oun t o f  lean  p ressed  from  bo n e  cake.

lean  p ressed  from  cak e  =  ^8773
/  I0Û - i \  
^ 4 2 . 7  )

-26

lean  p ressed  from  bo n e  cake  =  58.75 - 2 6  — 32.75
L ean  p ressed  from  cake  is called  in te rm ed iate  lean  becau se  it co n ta in s 6 .8%  sinew  that is rem oved  from  the  lean  in an
ad d itio n al step. T h erefo re , y ield  o f  lean  a fte r rem o v a l o f  sin ew  =  32.75 x .932 =  30.52.
P ercen tag e  m arro w  in  the  A M R  p ro duct is o b ta ined  as fo llow s:
m arro w  p ressed  from  cake  +  lean  p ressed  from  cak e  a fte r sinew  is rem o v ed  =  4.73 +  30.52 =  35.25 

. m arrow  in A M R  p ro d u c t =  (4.73 + 35 .25) x 100 =  13.42%
. <lrrow jn  m ea t from  A M R  system s equaled  17.6%  w h en  the  p reced in g  ca lcu la tions w ere fo llow ed using  the  m eans for test II in 
a^le 1. A sh  in c lean  b one  and in c lean  pressed  bo n e  from  you n g er an im als w as low er in  test II w hen  com pared  to test I but the 

llnt o f  lean  on  the  co w  bones in  test 1 w as greater. T h erefo re , m arrow  con ten t o f  lean from  A M R  system s is influenced  by am ount 
*ean on the  raw  m ateria l as w ell as am ount o f  m arrow  in bones. O th er factors expected  to in fluence m arrow  conten t o f  A M R  

j^ d u c ts  include  design  o f  eq u ipm en t, am oun t o f  p ressu re  app lied  to th e  bo n e  cake and length o f  tim e the p ressu re  is applied. 
evertheless, w e  be liev e  that the  m o st im portan t factors in fluencing  m arrow  con ten t o f  m eat from  A M R  system s are m arrow  content 
t*le bones and am oun t o f  lean  in the raw  m ateria l.

M arrow  con ten t o f  bone  and am ount o f  lean  a ttached  to the bone  vary  w ith  anatom ical location  and age o f  an im als so the 
alues calcu la ted  in  th is s tu d y  m ay  no t app ly  to o th er lots o f  m eat from  A M R  system s. A further cau tion  is that m arrow  content o f  
,'i 'v bones can  v ary  w ide ly  b ecause  cow s often  ran g e  from  2 to  12 years o f  age at the tim e o f  p rocessing . O ther factors such as 
ak ium  con ten t o f  the  d ie t and lactation  m igh t a lso  in fluence  m arro w  co n ten t o f  cow  bones. T herefore, th e  values fo r m arrow  in m eat 
torn A M R  system s are p re lim in ary  and m ay not be  accu rate  reflections o f  th e  am oun t o f  m arrow  in o th er sources o f  b e e f  from  A M R  
Ŝ em s.

°ttciusions
° trec t va lues for m arrow  co n ten t o f  m eat can  b e  o b ta ined  by c lean ing  rep resen ta tiv e  bo n es en tering  and exiting  A M R  system s and 
®lermining th e ir ash  con ten t. O nce the  actual am o u n t o f  m arrow  in m ea t from  A M R  system s is know n, quality  contro l m easures that 

l',rc m uch less labor in ten siv e  than  m ethods used  in th is study  can be  estab lished .
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ïâbls_ C o m position  o f  R aw  M aterial E n tering  A M R  S ystem s and C o m position  o f  B one C akes.--------------——
T est II,

Select and C hoiced 
_____________________M ean_________ SD  .iîsm_______________________

*"ean on bones, % b 
j^sh in c lean  bone , c 
H arrow  in c lean  bone, %  
ean in p ressed  bo n e  cakes, %  

■̂sh in  c lean  p ressed  bone , % c

T  est I. C o w s’
M ean _£D_

arrow  in  c lean  p ressed  bone , %  
arrow  in m ea t from  A M R  system , %

42.7 3.2 36.0 2.0

35.6 2.1 33.5 2.4

30.3 _____ 33.9 —

26.0 1.2 22.0 1.2

39.1 .5 37.6 .5
24.3 — 28.3 —

13.4 — 17.6 —

3ased i cerv ica l ve rteb rae  p ressed  at 2 0 0  b a r  fo r 4  seconds using  a  H ydrau  Separato r H S 250A . In term ed ia te  lean  contained
sinew  that w as rem oved  in an add itional step.

ean in clu d es all so ft tissu e  d issec ted  from  bones.
cans w ere  used  in th e  eq u atio n  o f  G ebau lt e t al. (1998) to  o b ta in  m arro w  co n ten t o f  bones.
ased on seven  cerv ica l and four and o n e -h a lf  tho rac ic  vertebrae , p ressed  at 170 bar for 2.3 seconds using  a  S tork-Protecon

Irit,erm ed ia te  lean co n ta ined  12%  sinew  that w as rem oved  in an add itional step.
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